Despite the relatively high prevalence of visual impairment there is little information available regarding the dental health care and needs of such individuals. Some reports suggest that oral health is reduced in individuals with a visual impairment, 5, 6 whilst others contradict this. 7, 8 Visual impairment may impact on oral health through physical, social or informational barriers related to the impairment, attendant medical conditions or lack of information in a suitable format. Other barriers include lack of services, lack of transport, inadequate resources or fi nancial considerations, lack of social awareness, or lack of education and training of service providers. 9, 10 There are very few studies that have examined the health information needs of visually impaired individuals and even fewer have investigated the dental health information needs of this group. 11 In relation to dental prescribing, the European Commission has recognised the need for pharmaceutical information to be more accessible to people with a visual impairment.
INTRODUCTION
Approximately two million people living in the United Kingdom (UK) have a signifi cant visual impairment ranging from low vision to blindness, 90% of these individuals are over 60 years of age. 1 The aetiology of visual impairment varies with different population groups. In the developing world the most common cause of visual impairment is untreated cataract. 2 In developed countries the most common cause of visual impairment is cited as agerelated macular degeneration. 3 Ethnicity also has an impact on visual impairment altering the incidence of visual impairment as well as the predominant cause. 3, 4 Aim There is little information available concerning the impact of visual impairment upon oral health. The present study sought to identify the oral health and experiences of adults with a visual impairment together with the nature, source and access to oral health information. In addition the study evaluated the oral health status of a group of individuals with a visual impairment with respect to oral health markers, treatment choice and attendance patterns in comparison to a reference group from the general population in the United Kingdom. Method One hundred adults with a visual impairment were examined and completed a questionnaire concerning their experience of oral health care and available information sources. The information collected was directly compared with data from the Adult Dental Health Survey 1998 for the south region of England. Results The present group of individuals with a visual impairment had better oral hygiene practices, and similar levels of oral hygiene and hard tissue disease to those of a comparable group of the Adult Dental Health Survey 1998 (ADHS 1998). However 24% of those with a visual impairment were not registered with a dentist and 26% of the patients wished for appropriate information concerning oral health care. Conclusions There is a need to develop oral health promotion that ensures patients with a visual impairment have appropriate information regarding oral health care and its provision.
In order to determine the oral health care needs of individuals with a visual impairment there is a need to establish the oral health status and experiences of such groups with respect to dentistry. Hence the aims of this study were to determine the oral health status and previous dental heath care experiences of a group of individuals with a visual impairment. The oral health status of the group with a visual impairment was compared with a relevant subgroup of data from the Adult Dental Health Survey (ADHS) 1998.
13

MATERIALS AND METHOD
Study group
The study group participants were recruited from the Low Vision Aid (LVA) clinic at Moorfi elds Eye Hospital, London, UK, between November 2004 and January 2005 and consisted of 100 randomly selected adults with a visual impairment. Prospective participants were approached by one dentally qualifi ed clinician. All patients attending the LVA clinic were approached. Information concerning the study was provided in large print, Braille, audio-cassette and in different languages upon request. The participants gave informed consent to take part in the study and the Ethics Committee of Moorfi elds Hospital granted ethical approval. All participants were given a unique identifi er. Each participant completed an interview based upon a questionnaire designed in consultation with the Royal National Institute of Blind People (RNIB) that addressed a series of key issues concerning previous dental health care experience and oral hygiene regimes of the participants. All questions for comparison with the reference group were identically worded to those of the ADHS 1998 to ensure comparability with the reference group.
Each participant had a visual, noninvasive oral examination to determine their oral health status. All examinations were performed using clinic lighting and an additional intra-oral light source. Disposable examination gloves and mirrors were used. Examinations were non-invasive and consisted of a visual inspection only. Each tooth was charted accordingly, with a positive or negative score for the presence or absence of plaque and calculus. Data was recorded for each participant on an identical data recording sheet. Each participant was immediately informed of their oral health status. Those persons with likely oral disease were advised to seek further examination with their dentist. Those without a dentist were given information regarding appropriate services and their general medical practitioner informed.
All interviews and oral examinations were carried out by the same dentally qualifi ed clinician.
Statistical analyses
The study data from the sample group were analysed using Microsoft Excel, SPSS statistics package (www.spss.com) and STATA statistics package (www.stata.com). All data were compared to the South England area from the ADHS raw data set, which was obtained from the UK Data Archive (www.dataarchive.co.uk). The age distribution of the sample studied varied from the reference group in the ADHS 1998. In view of this and in line with standard epidemiological practice there was a need to age standardise the study group in relation to the ADHS 1998 South of England reference group. Individual age standardisations were carried out for each of the variables selected using STATA statistics package. Indirect age standardisation was used as the age specifi c rates were based on small numbers of participants (Table 1) .
RESULTS
Demographics and characteristics
One hundred and twenty-one adults with a visual impairment were approached initially. Eight individuals declined to participate and 13 were unable to participate. There was thus a response rate of 82%. The fi nal study group comprised of 55 females and 45 males with over half the group being greater than 75 years of age. Seventy percent of the study sample described themselves as White British, 5% as Other White, 4% Indian, 2% Pakistani/ Bangladeshi, 6% from Black backgrounds and 13% from other ethnic groups.
The age at which the study sample became visually impaired varied from birth to 92 years with a median of 52 years. Fifteen percent had a visual impairment from birth, the remainder having acquired impairment. Five of the fi fteen with congenital disease had albinism, while prematurity accounted for the loss of vision in two. Of the 85 who had a visual loss due to an acquired disease, 33 had a visual impairment as a consequence of age-related macular degeneration, 7 from trauma, 4 from thrombotic episodes, 4 from cataract, 4 from glaucoma, 21 from a combination of the aforementioned causes, 3 from diabetes mellitus and 9 from other causes. Fourteen patients were registered with the local authority or RNIB as partially-sighted and 23 were registered as blind. In this study group it was estimated that up to 70% of the participants may be eligible for registration based on examination of their visual acuity scores. The RNIB had similarly reported that approximately two thirds of those who are eligible to register as blind or partially sighted are not, 1 which may have an impact on access to services and additional community and social support.
The patients had a wide range of attendant medical problems, the most common of which were musculoskeletal diseases, notably arthritis (affecting 55 patients). Fifty-six of the patients had a spectrum of cardiovascular disorders including known hypertension (36 patients), current angina pectoris (15 patients) and previous myocardial infarction (5 patients). Other commonly reported diseases affected the gastrointestinal tract (28 patients), endocrine (27 patients, of which 19 had diabetes mellitus), neurological (11 patients) and renal systems (8 patients). Two patients had hearing loss as well as a visual impairment. Eighty-fi ve percent of the patients were taking regular medications for the above mentioned, and often attendant, disease.
Sources of oral healthcare
Seventy-six percent of the study sample reported being presently registered with a dental practitioner. The most common past or presently utilised dental services were NHS general dental practitioners (88%), hospital or salaried dental services (6%) and private dental services (6%).
The group cited a variety of diffi culties in accessing dental care; these included a The variation in age distribution between the two groups highlights the need for age standardisation prior to comparison of data.
lack of NHS general dental practitioners, diffi culty locating NHS dental services, and the expense of dental care. Many who had been receiving regular dental care had been attending the same dentist for many years. Twenty-four percent of participants were not registered with a dentist and 3% did not know how to go about obtaining dental care. Participants in the study used a variety of visual aids to assist daily life. Of the individuals questioned, 90% used a magnifi er, 86% could read large print with and some without the use of a magnifi er, 50% of the sample used audio-cassettes and 27% had the facilities to use electronic material. Braille was only used by 3% of participants and none used Moon (an alternative to Braille). Fifty-one percent of the group believed that there was inadequate information concerning dental care available in a format appropriate for their visual impairment. Twenty-six percent of the group would have liked more information on dental care in another format, these tending to be the younger individuals.
Age standardised comparison with the Adult Dental Health Survey 1998
The age-standardised measures of dental status among those with a visual impairment (VI ASR) compared with relevant elements of the 1998 Adult Dental Health Survey are detailed in Tables 1-4 . Results are statistically signifi cant at p <0.05 if the 95% CI for the ASR does not include the Adult Dental Health Survey rate.
Education
When standardised for age, the group with visual impairment had signifi cantly lower educational achievements than the ADHS reference group with respect to the attainment of a degree or higher (ADHS 57% to VI ASR 34%); however they were less likely to have no qualifi cations at all (ADHS 26% to VI ASR 16%) ( Table 2) .
Dental care service use
The group with a visual impairment was signifi cantly less likely to have accessed private dental care than the reference group (ADHS 25% to VI ASR 6%), however there was no signifi cant difference in their access of NHS or other dental care services (Table 2) . 
Regular dental attendance
When standardised for age, the group with a visual impairment was signifi cantly (p <0.05) less likely to attend for regular dental checkups than the ADHS reference group (ADHS 54% versus VI ASR 37%). The group with a visual impairment were more likely to attend a dentist as a consequence of an acute dental problem (59%) than the ADHS reference group (24%) ( Table 2) .
Choice of dental treatment
The group with a visual impairment were more likely than the reference group to request extraction of an aching posterior tooth (ADHS 15% versus VI ASR 37%) or anterior tooth (ADHS 6% versus VI ASR 20%) rather than seek restoration ( Table 2) .
Oral hygiene practices
The group with a visual impairment were more likely to brush their teeth two or more times a day compared with the ADHS reference group (ADHS 70% versus VI ASR 96%). The group with a visual impairment was also signifi cantly more likely to use oral hygiene aids (ADHS 52% to VI ASR 88%) including dental fl oss (ADHS 25% to VI ASR 49%) and mouthwashes (ADHS 14% to VI ASR 74%) ( Table 2) .
Oral hygiene status
The frequencies of visible plaque and calculus were generally lower in the group with a visual impairment as compared to the ADHS group. However, this difference was not statistically signifi cant (Table 3) .
Dentures and edentulousness
The frequency of edentulousness in the group with a visual impairment was lower than that of the ADHS cohort (ADHS 9% to VI ASR 6%). However there were no signifi cant differences in the frequency of wearing full or partial dentures between the two groups (Table 3) .
Decayed, missing and fi lled teeth (DMFT)
There was no signifi cant difference between the two groups with respect to individuals having 21 or more teeth (ADHS 86% versus VI ASR 91%) and both groups had a comparable mean numbers of teeth (ADHS 25, VI ASR 25). However moderate tooth wear was signifi cantly (p <0.05) higher in the ADHS reference group than the group with a visual impairment (ADHS 12% versus VI ASR 4%). The mean number of sound and untreated teeth was comparable between the two groups (ADHS 15 versus VI ASR 18). There were no signifi cant differences in the mean number of decayed and untreated teeth (ADHS 1.3 versus VI ASR 0.5) nor the mean number of restored and sound teeth (ADHS 9 versus VI ASR 6) ( Table 4) . 17, 18 This lower employment rate could potentially adversely affect the ability to pay for dental healthcare, and similarly refl ect the lower rates of registration of partially sighted (14%) or blind (23%) people. As observed in this group, and as suggested by other sources, 19 there is a potential for these unregistered individuals to not receive the additional community and health support to which they may be entitled.
Despite the aforementioned potential barriers to oral healthcare provision, the group of individuals with a visual impairment did not have any signifi cantly greater oral health needs than a comparable group of UK adults. This may of course refl ect a bias due to the type of individual who attends the LVA clinic, who may have a more active interest in their health. The present results accord with those of a previous study of younger adults. 7 The present group of individuals with a visual impairment were more likely to regularly clean their teeth and use adjunctive aids such as dental fl oss and mouthwashes than the comparable group, thus suggesting that there is a desire by the individuals with a visual impairment to maintain good oral health. Studies with children that have a visual impairment also suggest that loss of vision is not a hindrance to wanting good oral health or improved dental aesthetics and function. 20 Oral health is unlikely to signifi cantly affect visual loss; however it may potentially reduce the severity of attendant disease. Of signifi cance to many patients with acquired visual impairment, the treatment of periodontitis may reduce the risk of atherosclerosis and hence hypertension and ischaemic heart disease. 21 Oral health may also infl uence the metabolic changes of diabetes mellitus. 22 Hence good oral hygiene may not only decrease the risk of dental disease, but also systemic disease in people with a visual impairment.
The results of the present investigation reveal that despite potential barriers to the receipt of information concerning the provision of oral health care, the dental status of individuals with congenital or acquired visual impairment is similar to that of the general population There are confl icting data however; while individuals with a visual impairment may be more likely to regularly clean their teeth than the general population, they are also more likely to have a tooth extracted than restored. The reasons for these confl icting results are unknown, but could refl ect perceived diffi culties in obtaining information on, or treatment for, dental disease. Although the present results reveal that visual impairment does not signifi cantly adversely affect oral health, the group in this study did have unmet dental needs and certainly had some experience of dental disease. Hence the future goal would surely be to develop healthcare strategies that ensure all people with a visual loss have access to relevant information on oral health maintenance, in all appropriate formats, and have ready access to oral health care providers.
RECOMMENDATIONS
There is little research concerning the oral health status of individuals with a visual impairment and thus more studies are required in order to make defi nitive conclusions. However, from this study, there appears to be a need for information concerning oral healthcare to be available more widely in different formats for people with a visual impairment.
DISCUSSION
This is the fi rst detailed investigation of the aspects of oral healthcare and oral health status of individuals with a visual impairment residing in the United Kingdom. The group of adults with a visual impairment are generally representative of the age 1 and gender 14 of those likely to have such impairment, although there was a higher representation of congenital visual disease (15%) as compared to national UK data. 1 This higher frequency of congenital visual impairment probably refl ects the referral patterns of the patients to the Low Vision Aid clinic of Moorfi elds Eye Hospital, London. However, the present group of patients did provide a general representation of common acquired causes of visual loss.
Although the medical status of individuals was not detailed in the ADHS 1998 the present group of patients had a high frequency and wide range of systemic disorders that could variably impact upon oral health care provision, notably rheumatoid disease (causing diffi culties in accessing the dental surgery), cardiovascular disease (that may complicate treatment provision and limit the use of general anaesthesia) and endocrine disease (particularly diabetes mellitus that may necessitate altered appointment scheduling and additional monitoring procedures). 15 Furthermore, although not detailed in the present report, some of the medication of the attendants systemic disease could give rise to adverse oral effects (for example, gingival enlargement with calcium channel blockers, lichenoid disease with sulphonylureas and beta blockers, and angioedema with angiotensin converting enzyme (ACE) inhibitors). 16 The individuals with a visual impairment were as likely as those within the ADHS to attend an NHS dentist. However, some who did not have a dentist did not know how to fi nd one. This is of course not unique to individuals with a visual impairment but 51% of this group believed that there was inadequate information concerning dental healthcare, and 26% were without information in a format appropriate to their visual loss. There would seem to be a need to ensure that information is available widely in formats that do not disadvantage individuals with a visual impairment. There is clearly a need to provide information
